Introduction
olive (Olea europeae) is one of the few trees that can still produce fruits even on rock and unproductive land (18) . Virgin olive oil has a delicate and unique flavour that distinguishes it from other edible vegetable oils (3) . quantity and quality of substances existing in the virgin olive oil such as fatty acids, phenolics, chlorophyll and carotenoids are affected by various factors including the type of the olive cultivar (2, 4, 10, 13) , climatic conditions (1, 22, 24) , ripening stage (21) , irrigation management (23) and the extraction methods (20) . Among these factors, cultivar is undoubtedly one of the most important. however, it is often ignored, either through lack of variteal information, or because the saled oil is a mixture of various varieties or even because emphasis has been laid only on its place of origin (12) .
there are various local olive cultivars in iran taking up the most olive-growing area. Among these cultivars, 'Zard' is ranked as the first regarding to tree population (around 64 percent) and oil production. 'Roghani' and 'Mari' cultivars are positioned below 'Zard' with around 20 and 2 percent of the total olive trees orchards, respectively. Among various areas of iran, Kazeroon region in the south of the country has been allocated to olive growing because of appropriate climatic conditions. in addition, the area of plantation is still expanding. there have been several reports in other countries regarding to the effects of the cultivar type and climate on the quality of the oils obtained from various cultivars (2, 4, 10, 13, 22) . however, few studies have been carried out in iran on the quality of olive oils obtained from various cultivars, including 'Zard', 'Roghani', and 'Mari'. Since the main part the manufactured olive oil in iran is from the above mentioned cultivars but, the quality of oil that is obtained from them have not been studied to date, this experiment was conducted to evaluate the three cultivars grown in Kazeroon region climate.
Materials and Methods
Fruit samples healthy olive fruit samples (Olea europaea l.) of 'Mari', 'Roghani' and 'Zard' cultivars were picked at industrial optimum ripening stage. it was determined, according to the skin color which changed to greenish-yellow as a maturity index. this experiment was conducted during the crop season of 2006-2007 in the olive orchard of Kazeroon Olive Research Station located in south of iran. the average annual precipitation was 500 mm with the majority in october, December, and January. Average annual temperature of the experimental orchard site is 24 o C; the altitude is 860 m, 29 o 37' n of latitude and 51 o 39′ E of longitude.
Oil extraction
For oil extraction, the washed fruits were ground by the hammer mill. the paste was kept in the room temperature for 30 minutes. to accelerate oil extraction, 100 ml of lukewarm water was added and mixed using a mixer and then was centrifuged in 5000 rpm for 20 minutes. the obtained oil samples were kept in dark at 4 o c untill use. Phenolic compounds analysis the amounts of phenolic compounds of virgin olive oil were determined using method by Montedoro et al. (1993): 14 g of olive was shaken well in 14 ml of methanol/water solution (80: 20, v:v) . then the solution was centrifuged for 10 minutes at 5000 rpm and the phase of methanol and water was separated; whereas the oil phase was extracted for another three times. the hydroalcoholic extracts were compounded and then evaporated in vacuum by Rotary evaporator at the temperature of 35 0 c until a syrupy consistency was achieved. then it was resuspended to 15 ml using acetonitrile and was washed three times with 20 ml of hexane to remove the fats. After hexane was removed, 10 ml of acetonitrile was evaporated in vacuum at the temperature of 35 0 c and the remaining was solved in 1 ml of methanol and 50 µl of it was injected into the hPlc. The HPLC system was composed of a 4.6 mm ×155 mm Symmetray® C18 5 μm column, coupled with UV detector (Waters 486). The flow rate was 0.8 ml/min; the mobile phase used was 0.1% acetic acid in water (A) and acetonitrile (B) for a total running time of 30 min, and the gradient changed as follows: solvent B started at 5% increased to 10% in 6 min, to 20% in 17 min, to 70% in 20 min and to 100% in 1 min until the end running. Identification of compounds was achieved by comparing their retention time values with those of standards. concentration of phenolic compound in the extracts was calculated comparing hPlc peak areas with those of standards. the amount of total phenol was also measured according to Gutfinger et al. (1981) using spectrophotometer at 760 nm and the results were expressed in mg caffeic acid.
Solvents and standards
Statistical analysis the complete data were evaluated by randomized block design, with three blocks (replications) each containing six trees, using SAS software (version 9.1). Samples were a mixture of six tree fruits. the results were displayed in mean values and standard deviation (n=3). Significance of the differences among the numbers was determined by the variance analysis using Duncan's multiple range test. 
Fatty acids compound
Fatty acid compositions of the oils were different depending on the variety (table 2). oleic acid (c18:1) was the main monounsaturated fatty acid, representing high concentrations (72.60%-77.92%) (table 2). Another monounsaturated fatty acid was the palmitoloeic acid (C16:1) which had the highest mean values (1.77%) in the oil of 'Roghani' cultivar and the least mean values (1.04%) in the oil of 'Zard' cultivar. Palmitic acid (C16:0), the major saturated fatty acid in olive oil, had the highest mean values (19.10%) in the oil of 'Roghani' cultivar in comparison with oils of 'Zard' and 'Mari' cultivars in which the mean values were 17.26 and 14.05%, respectively (table 2). Stearic acid (c18:0) which is an important saturated fatty acid in olive oil, did not show any significant difference in the three cultivars. the levels of linoleic acid (c18:2) and linolenic acid (c18:3) which are considered as polyunsaturated fatty acids had not any significance in the cultivars. The ratio of oleic acid to linoleic acid did not show any significant differences at P<0.05.
Pigment contents the levels of chlorophyll and carotenoids of virgin olive oils from the three cultivars showed significant differences (P<0.05). the oil of 'Zard' cultivar had the highest level of chlorophyll with the mean values of 8.79 mg/kg in comparison with the oils of 'Mari' and 'Roghani' cultivars which had the averages of 5.14 and 8.25 mg/kg, respectively. While, the oil of Phenolic compounds in this research, four major phenolic compounds of virgin olive oil (tyrosol, hydroxytyrosol, cinamic acid, vanilic acid) have been studied by hPlc. table 3 shows the concentrations of the phenolic compounds that were identified and the data were expressed as mg/kg for samples of virgin olive oils obtained from 'Zard', 'Roghani' and 'Mari', cultivars. Significant differences between cultivars (p<0.05) were observed in the amounts of phenolic compounds. in comparison with 'Mari' and 'Roghani' cultivars which had 1.03 and 0.75 mg/kg of the phenolic compound of tyrosol, in their oils respectively, 'Zard' cultivar oil had higher levels of tyrosol-1.47 mg/kg. the oil of 'Mari' cultivar had the highest levels of the phenolic compounds of cinamic acid and vanilic acid (1.4 and 1.18 mg/ kg, respectively). Moreover, the total level of phenol in the oils of the cultivars showed significant differences and the oil of 'Roghani' cultivar had higher mean amounts of total phenol-179.1 mg/kg in comparison with the oils of 'Zard' and 'Mari' cultivars which had the mean values of 172 and 169.9 mg/kg, respectively (table 3) . The results here, confirmed that there were significant differences in the features and characteristics of virgin olive oils of 'Zard', Roghani' and 'Mari' cultivars in Kazeroon region. this study showed that the oil of 'Mari' had the highest content of oleic acid. high content of this unsaturated fatty acid is positively correlated with the stability of olive oil (table 2) . in addition, the oil of 'Mari' had lower content of the palmitic acid in comparison with the two other cultivars; high content of this saturated fatty acid is unfavorable in olive oil. these results are consistent with the results of Ramezani-Kharazi (2008) on 'Zard', 'Roghani', and 'Shengeh' in Roudbar region located in the north of iran. in contrast, linoleic acid content of olive oil in the same cultivars in the north of Iran (19) and in selected cultivars from some other countries (1, 2, 13) has been higher than that for Kazeroon.
the ratio between oleic acid and linoleic acid in all of the three cultivars is higher than what has been reported for olive oils from other areas (1, 2, 13) (table 2) showing lower linoleic acid and/or higher oleic acid content. total saturated fatty acids in the oil of 'Roghani' cultivar were higher than those of 'Mari' and 'Zard' cultivars due to the higher level of palmitic acid. Whereas, total unsaturated fatty acids in the oil of 'Mari' cultivar was higher than 'Zard' and 'Roghani' due to high level of oleic acid. however, the levels of fatty acids in the oils of the studied cultivars for all the samples were in the admitted range of european commission Regulation (eec, 2003) . Variations in fatty acid composition were observed in the olive oil samples (table 2) that might probably be related to both genetic factors and environmental conditions. in addition, iodon index in the oil of 'Mari' cultivar was higher in comparison with the oils of 'Zard' and 'Roghani' cultivars due to high level of oleic acid. (table 2) .
the color of olive oils is an important characteristic of quality, and plays a key role as a factor of acceptability among consumers (7, 8) . Chlorophylls and carotenoids also have biological and health properties (3) . the oil of 'Zard' cultivar had the highest level of chlorophyll and the oil of 'Roghani' cultivar had the highest concentration of carotenoid. the oil of 'Mari' cultivar was poor in levels of chlorophyll and carotenoid (table 3) . this may be attributed to varietals differences with characteristic biosynthetic or catabolic pathways. these results are consistent with the findings of Giuffrida et al (2007) who showed that the contents of chlorophyll and carotenoid in the sample oils obtained from various cultivars are distinct.
the amount of phenolic compounds is an important factor when calculating the quality of virgin olive oil, because of their involvement in its resistance to oxidation and its sharp bitter taste. As shown in table 3, significant differences between cultivars (p<0.05) were observed in the phenolic contents. the most representative phenolic compound in all studied olive oils was the tyrosol. the concentration of this compound was different and distinct in the oils of 'Mari', 'Zard' and 'Roghani' cultivars (table 3) . the oil of 'Zard' cultivar had higher levels of tyrosol in comparison with 'Mari' and 'Roghani' cultivars. the amount of hydroxytyrosol in the studied virgin olive oils from the three cultivars did not show any significant difference and concentrations were identified in lower contents in comparison with other phenolic compounds. While, analysis of phenolic compounds of olive oils in the north of Iran (19) did not show hydroxytyrosol in the olive oils of 'Roghani' and 'Shengeh' cultivars or it was seen in very low contents. other identified and quantified phenols in the studied virgin olive oils were vanilic acid, and cinamic acid. the oil of 'Mari' cultivar had higher levels of cinnamic acid and vanilic acid compared with that of 'Roghani' and 'Zard' cultivars (table 3) the total level of phenolic compounds in the oil of the studied cultivars showed significant differences and the oil of 'Roghani' cultivar had higher amounts of total phenolics in comparison with the oils of 'Zard' and 'Mari' cultivars. these amounts were in lower contents than what was reported for the oils of studied cultivars from Roudbar region in the north of Iran (19) . The difference in the results may be due to the different climatic conditions of the regions, different systems of extracting oil or even the year of conducting the experiment. therefore, all of the results put in evidence that oil quality of 'Mari' cultivar could be the best in the Kazeroon region.
Conclusions
The results here showed significant differences in the features of olive oils in studied cultivars. Variations in fatty acid composition and phenolic compounds were observed in the olive oil samples probably due to both genetic factors and environmental conditions. therefore, the levels of fatty acids in the oils of the studied cultivars were in the ranges established for ''extra virgin olive oil'' category. According to the analytic parameters that were examined here we can conclude that the oil quality of 'Mari' cultivar could be the best in the Kazeroon region and other regions with similar climatic conditions in order to produce high quality olive oil. 
